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Description 

BACKGROUND OF THE INVENTION 
s Field of the Invention 

[0001] Tne present invention relates to polymeric articles having a textured surface and trusted appearance and to 
resins tor producing such articles. 

io Related Art Statement 

[0002] m lighting applicatiofte, and point of purchase, and cosmeW^ 

for now and Innovative products that can provide flexibility for designs and fabrications at a competitive cost 
[0003] Presently, mere Is not a successful plastic product in this market that can bo used in a ona-step process and 

15 provide the properties and appearance needed to replace sand blasted glass material. It would be desirable to have 
a resin that could be u*ed for sheet and profile extrusion applications and that creates a product with a surface texture 
and frosted appearance. t 
[0004] such a plasticmateriai could reduce the production and fabrication costs and provide design flexibility tor end 
users. Similar thermoplastic products are traditionally made by surface treatment sucn as. sand blasting and surface 

20 pattern fabrication, and by adding inorganic filler, such as, barium sulfate, calcium carbonate, titanium dioxide, silica, 
etc. Such inorganic fillers are normally difficult to disperse evenly in polymer matrix material, reduce greatry the hght 
transmission of the polymer, and do not generate tha desired surface texture. Also, the finer particles have a tendency 
to deteriorate physical properties of the polymer. 

[0005] Fine particles (i.e. less than 15 micrometers) of a copolymer made by an emulsion pofyrncrtzaiion process 
25 am sometimes added into a plastic matrix to generate a light diffusion effect for display and light panel applications, 
for example. US patent 5.346,354. However, this type of product tends to soften the polymer matrix and cannot produce 
Uie textured surface so oftan preferred by the end user. 

100Q6] US 3,345,434 describes a method for the production of articles of manufacture having a rough finish which 
diffuses light which comprises blending particles of a crosslinked thermoplastic polymer with a second thermoplastic 

$o norvcroselinkod polymer and subjecting the resultant blend to a polymer f abricaUon procedure. 

[0007] EP-A-0596290 describes the use of mixtures comprising (A) from 80 to 99% by weight of a polymer baaed 
on methyl methacrylate, (B) from 20 to \% by weight of a particulate polymer having a particio sfce in the ra^ge from 
t to so pm which is obtainable by polymerization of a monomer which contains vinyl groups, and (C) from o to 60% 
by weight, based on (A) and (B), of a multistage, graft rubber based on an ester of acrylic acid or on butadiene, for the 

35 production of rough coating compositions. ' 
[0008] US 3,992,486 descrfoes a process for preparing minute, generally spherical crosslinked polymer particles 
insoluble In olef ink; monomers, the particles being below about 30 microns In diameter and. moi-e specifically, particulate 
polymers of ethylonically unsaturated monomers and poryfunctional croaslinklng monomers. Tha partteulata polymers 
are said to be useful in coatings and as components of polymeric compositions as superior substitutes for conventional 

40 pigments. 

. SUMMARY OF THE INVENTION 

[0009] The present Invention provides an extruded polymeric article comprising a polymeric matrix and polymeric 
45 particles which are substantially spherical, highly crosslinked, have a mean particle sfce of 25-55 micrometers and 
have a particle size distribution between 10-110 micrometers, wherein the article has a frosted and surface textured 
finish, wherein the frosted appearance is achieved through the mismatch of trie retractive indices of the polymeric 
particles and polymeric matrix by greater than 0.02. and wherein the polymer used as the polymerte matrix is an acrylic 
polymer and the polymeric particles comprise 10-50% styrene, 90-50% methyl methacryiale and 0.1-2.5% crosslinks 
50 spent. 

[0010] Since the article Is a thermoplastic material, It can be recycled, re-extruded, or Injection molded to generate 
the desired appearance. 

[001 1] The purpose of the highly crosslinked ephflricai particles in the present invnntjon .is to Impart to the thermo- 
plastic composition a textured surface and a frosted appearance. The frosted appearance of the thermoplastic com- 
« positions is achieved through tha mismatch of the refractive indexes. An > 0.02, of the fine particles and thermoplastic 
matrices. The surface texture is controlled by the degree of erosslinking and mean size of the fine particles. 
[0012] Another aspect of the Invention is an extrudablc resin comprising 
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a) 20-90% polymethyl methacrylate based matrix; 

b) 5-50% modifiers; and 

c) 5*30% highly crosslinked spherical beads comprising 

10-50% styrenc: 
5 90-50% methyl methacrytate; and 

0.1-2.5% crosslinking agent! 

wherein the beads have a mean partide at© of 25-55 micrometers, and a particle sue distribution of between 
10-110 micrometers, wherein there is a mismatch of refractive indices of the highly crosslinked spherical beads and 
f o polymethyl methacrylate based matrix by greater than 0.2. This resin may ba used to produce the article of the invention. 
[001 3] In another embodiment, the invention provides an extrudabie resin comprising 

a) 70-85% polymethyl methacrytate based matrix; and 

b) 1 5-30% highly crosslinked spherical beads comprising 
15 15-35% styrene; 

65-85% methyl methacrytate; and 
0.5-t .5% altyl mefraerytate, 

wherein the beads have a mean particle size of 25-55 micrometers, and a particle size distribution of between 
so 10-110 micrometers, wherein them is a mismatch of refractive indices of the highly crosslinked spherical Deads and 
polymethyl methacrytate based matrix by greater than 0.2. This resin may also be used to produce the article of the 
invention. 



2$ 



DETAILED DESCRIPTION OF THE INVEFWON 

[00141 An acrylic polymer, more preferably an impact modified acrylic polymer, is used as the polymeric matrix. 
[0015] The term "acrylic polymer^)" as used herein means 

1) alkyl methacrylaie homo polymers, . 
so 2) copolymers of alkyl methacrylates with other alkyl methacrylates or alkyi aorytates or other elhylenicaily unsatu- 
rated ntonomara, 

3) afcyl acrylaie homo polymers, and t . . A 

4) copolymer* of alkyl acrylates with other alkyl acrylates or alkyi methacrytetes or other elhylenicaily unsaturated 

monomers. 

35 

[0016) Thealkylgro^pcanbcfrom1-18carbonatoms, preferably 1-4 carbon atoms. Preferred are polymethyl meuV 
acrylate based matrix and copolymers of methyl methacrylate with from about 0.1 - 20% alkyl acrylates, wherein the 
alkyl contains 1 - 4 carbon atoms, alkyl acrylic acids wherein alkyl contains 1 - 18 carbon atoms. 
[001 7] Preferably the thermoplastic matrix material comprises a polymer orcopolymer of methyl methacrylate {MM A); 
« typical copolymers include 60 to 90% MMA and 1 to 20%, preferably 1 to 5%. of (C1-C1 0) alkyl acrylates, such as 
methyl acrylate and ethyl acryiate(EA). A suitable commercially available polyfmethyl methacrylate) type thermoplastic 
matrix material Is Plexiglas* V^rade molding powder, such a* Ptexigla^ V(825).V(825)HiD, V(045)A/(oS2) and V 
(920) etc. 

[0018] The polymer matrix is conveniently prepared by conventional cell casting or melt extrusion processes and is 
45 typically provided in particulate form. In addition, thermoplastic matrix materials may be prepared by a conventional 
bulk proccsstfor example, a continuous flow stirred tank reactor(CFSTR) process), solution, suspension or emulsion 
polymerization techniques, In which case conventional betatron processes used to recover the polymer tn particulate 
form Include, for example, filtration, coagulation and spray drying. 

[0019) The matrix may also include othar modifiers or additives which are well known In the art. For example, the 
so composition may contain impact modifiers, eternal lubricants, antioxidants, flame retardants or the like. If desired, 
ultraviolet stabilizers, flow aide, metal addirtveetor electronic magnetic radiation shielding such as nickel coated graph- 
ite fibers, antistatic agents, coupling agents, such as amino silanes, and the IIKe, may also be added. 
[00201 One ol the processes of Incorporating the modifier Is to make the modified matrix by an emulsion process. 
[0021] ArubbermodifiercanbeBdd^ 
55 properties. , . . . , „ 

10022] In an emulsion process, particles generated are usual^f small, 0.05 - 5 micrometers, inhere used for the 
emulsion process are water soluble. The final product from an emulsion process is a stable latex which is normally not 
suitable for filtration. The latex emulsion is typically spray dried or coagulatccTwasn dried. 
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[0023} The emulsifying reagents are well Known to those skilled in the art. Useful emulsifying agents Includ© common 
soaps, alkyl benzenesu&onates, such as: sodium dodecyi benzenesulfonatG, alkyfphenoxypolyetbylene sulfonates, 
sodium lauryl sulfate, salts of long chain amines, salts of long-chain caiboxylic and sulfonic acids, etc. In general, the 
emutsifier should be compounds containing hydrocarbon groups of carbon atoms coupled to highly polar soiubi- 
& lizing groups such as alkali metal and ammonium caiboxylate groups, sulfate half ester groups, sulfonate groups, 
phosphate partial ester groups, and the tike. 

100243 The blend of the multistage porymartrubber modifiers) with the thermoplastic polymer can be accomplished 
by any known method, such as dispersing the multi-stage polymer In a monomer mixture used to prepare the therrno- 
plastic polymer or in a monomer-polymer syrup mixture which together would provide the desired thermoplastic poly* 

"> met Alternatively, the multi-stage polymer can be placed in a casting mix tn the form of an emulsion, suspension or 
dispersion in water or in an organic carrier; the water or organic carrier can then be removed before or after casting 
into the final thermoplastic pofymer form. The multi-stage polymer may alsD be blended with the thermoplastic polymer 
by extrusion compounolng. Additional specific methods and details of blending the thermoplastic polymer and impact 
modifiers are disclosed In U.S. patent No. 3,793,402. 

« [0O25] A preferred thermoplastic matrix material is inpae! modified pory(methyi methacrylate) commercially available 
as Plcxiglas® DR101, MM, and Ml-7 molding powdc r. Plexiglas® in North and South America, and Oroglas© in Europe 
and Asia arc trademarks of Etf Atochcm North America, Philadelphia, PA, USA. 

[0026] The matrix material can be made by many different . processes known in the art, including, continuous cell 
casting, emulsion, suspension, bulk polymerization, and continuous stirred tank reactions (CFSTR). etc. Each of these 

m methods utilize Iree radical polymerization chemistry. I n the contin uous coll casting process of acrylic resins . the viscous 
polymer/monomer mixture, often referred to as syrup and which has about 30-50% polymer conversion, is fed between 
two stainless steel belts at a controlled temperature. Polymer conversion la eompletod.with the continuous moving belt. 
In an emulsion process, the major components are monomers, water, emulsifiers, water soluble initiators, and chain 
transfer agents. The water-to monomer ratio is controlled between 70:30 and 40:60. A core/shell particle structure can 

<w be achieved through grafting by an emulsion pmoftss, which ts often a preferred process for making impact modifiers. 
[0027] The highly crosstinked particles may be made by a suspension process. 

[0028] Crosslinklng monomers suitable for use as In the spherical polymer panicles (beads) are well known to those 
skilled in the art; and are generally monomers copoJymerUable with monomers present, and having at least two or 
more unsaturated vinyl groups which have approximately equal or different reactivities, such as. dtvinyl benzene, glycol 
30 di- and tri- moth aery late and acrylates, ethylene glycol dimethylacrylate. aflyl methacrytaies. diallyl maleate, ally* aery* 
loxypropionatas, butylene glycol diacrylates, etc. Preferred crosslinkera are ethylene glycol dimethacrylate, divinylban- 
zene, and ally I meihacrytate, Most preferred Is ally! methacrytaie. 

[0029] "Highly crosslinked* means that the particulate material can not be dlseorved at all in a siren g organic solvent, 
such astetrahydrofuran fTHF) or methylene chloride(MDC). Tbeawell ratio measurement, which measures the particle 
as size change in an organic solvent after a certain period of time, le normally a test method to determine the dagrea of 
crosslinking. A low swell ratio, no soluble fraction in a MDC/THF solvent, and the retention of particle integrity are the 
indications of a highly crosstinked acryRc polymer. The degree of crosslinking can also be monitored through surface 
hardness and surface gloss measurements. The related test methods are American Standard Test Methods; ASTM 
0785 and ASTM D2457. 

[0030] The beads have a mean particle size of 25-55 micrometers, and a particle size distribution of between 10-110 
micromatars. The particle size may be controlled by agitation speed, reaction time, and level and type of suspending 
agents. The "mean particle size* is a weight mean. As used herein and in the following sections and appended claims, 
(he term "weight mean" or "weight percent* means average by weight or the percent by weight of each component 
based on the total weight of composition. The light scattering methods used for particle size determination are ASTM: 
4S D4454, 5822, and IS0 13321: 1936(E). 

[0031] The composition of the polymer particles may be analyzed by a pyrotysis GCVMS spectrometer where the 
polymer material Is pyrolyzed.at an elevated temperature and the decomposed components are analyzed further for 
a quantitative determination. 

[0032] In order for the article produced by the blend of the resin and partictes to be frosted, the refractive index of 
*> the crosslinked particles has lo be different from that of me matrix material. The difference In rerracLive index should 
be An>0.02. The crosslinked spherical particles have mismatched refractive indices with many thermoplastic polymers, 
such as, but not limited to, acrylic r^lymers(defined as above), polycarbonate, polyvinyl chloride and the like, polysty- 
tene, PET, PETG, imidized polymers ol methyl methacrylate, copolymer of acrylonitrJte and styrcne, and copolymer of 
styrene and MMA. 

[0033] The spherical particles may be made by a suspension process wherein the water is a continuous phase 
serving as a heat transfer medium and the polymerization is carried out In monomer droplets. In a suspension process 
the viscosity change during Iho pofymer conversion is very smaii; therefore, the heat transfer fs very efficient. The 
agitationjspced, and composition and level of the suspending agent are critical factors in determining the particle size 
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distribution. The typical particle size from suspension is about 10 - 1 000 micromotors. More detailed Information about 
the suspension process can be found In US Patent 5,705,580, EP 0.BB3.182-A2, and EP 0,774,471-AV Typical ex- 
amples ot using the suspension process for the spherical particles are provided in Examples 1, 2A, 2B, and 2C re- 
spectively. 

s [0034] It Is within the scope of the present invention to color the crossiinked beads during the suspension process. 
The advantages ot using colored beads over a colored matrix material are proceed flexibility, cost reduction, boner 
coiordlspersion. reduced surface gloss, deep/natural color appearance and a reduction in cleaning process equipment 
between product changes. 

[0035] A particularly preferred embodiment of the surface textured and frosted article of the present Invention has 
10 the composition 

a) 70 - 65% polymeihyl methacrylate based matrix; and 

b) 15 - 30% highly crossiinked spherical beads comprising 

1 5 • 35, preferably 24.9 % etyrene - 
»3 65 - 85, preferably 74.0% methyl methacrylate, and 

05 - 1 S t preferably 0.9 % allyl methacrylate. 

[0038] The article of the present invention is produced by extrusion compounding together the crossiinked particles 
(beads) made from the suspension process, the optional modifiers, and the polymer matrix on a single or twin screw 
J» extruder to produce an article having a surface textured and frosted appearance. 

[0037] An example of the process for producing an article of the present Invention is as follows: 
[003ft] The cross-linked spherical beads may be dried In an hot air oven before compounding into a thermoplastic 
matrix through, for example, a KiHion® extruder equipped with a two-stage medium work screw and a vacuum venting 
system. A WP® twin screw extruder can also be used for the compounding. The beads, polymer, and additives arc 

29 added into the extruder through different feeders on the extruder. The conveyer system for spherical beads should be 
a closed system to avoid safety hazards and dust hazards. The beads are fed into the Killion© extruder through a 
K-TRON© hopper with an auger screw by gravimetric control or by volumetric feeding control. The temperature profile 
which can be used for making the frosted article when the composition contains 10-35% suspension beads, made by 
Example 2C, Rnd 85-90% PMMA made by a Tree radical polymerization process, can be as follows: 

30 [0039] Typical process conditions for compounding extruder: 



Feed Zone: 


235 B C 


Compression Zone: 


245°C 


Metering Zone: 


250°C 


RPM(revolution per minute) 


70-100 



[0040] The extruded article is oven dried before further usage. 

[0041] The Jrosted article can be further processed the same way as normal thermoplastics, such as, by profile 
extrusion, sheet extrusion, injection molding, and plunge molding, etc., Into various fin al products . The product resulting 
from sheet or profile extrusion will have a textured surface and frosted appearance while the product resulting from 
injection molding will have a frosted look. 

[0042] The frosted erticie(for example extruded sheet product) can also be produced by feeding directly the 
crossiinked particles with the matrix resins into * sheet extruder or injection molding machine to eliminate the com- 
pounding step. The pcecompounded resin ts better suited for commercial applications and user friendly because direct 
feeding of beads requires special equipment to handle the slippery beads. 

[0043] The crwelfnkad beads from the suspension process can also be extrusion compounded into other polymers, 
such as, PC, PET, PS, ABS terporymer, ASA copolymer. HIPS, SAN, PVC. modified PVC. MBS copolymer, etc. to 
generate a similar effect. 

[0044] Unlike other surface treated product, the frosted appearance and textured surface from this Invention can be 
maintained through thermoforming, bending, and other post-treatments. The "textured surface" can be generated 
through conventional extrusion or profile extrusion equipment without the requirements of a specific patterned roll or 
polishing equipment, providing process flexibility for the and users. 

[0045J By the term textured surface 1 as used herein is meant a minimum surface roughness ot 0.5 urn to as high 
as 30 urn or higher. Surface Roughness is determined by a TENCOR Alpha-stop 500 surface profiler, the reference 
method number can be found in ASME: B46.1.1, B46.1 A B48.1.12, ASME Y14.36. ASME Is an abbreviation for the 
American Society of Mechanic Engineering. 

[0046] One of the advantages of the current Invention is that the Total White Light Transmission (TWLT) is much 



5 



PAGE 1 7/30 * RCVD AT 7/23/2004 4:18:13 PM [Eastern Daylight Time] » SVR:USPTaEFXRF-1/5 * DNIS:8729306 * CSID:215 419 7075 * DURATION (mrn-ss):0W)4 



FROM, ATOFINA CHEMICALS, INC, PATENT 



(FRI) 7. 23' 04 15:30/ST.15:24/NO. 4862261010 P 18 



ER 1022 115 B1 

higher than the similar commercial products filled by inorganic fillers, sueh as barium sulfate or color concentrate, to 
achieve a frosted appearance. For example, barium sulfate pigmented PMMA has a 47% TWLT while the frosted 
product of the present invention has d 84% TWLT, and both have a similar frosted appearance. The sample made from 
suspension beads described in Example 2C allows more light to be transmitted in lighting applications. 
[0047J TWLT is measured by a Humerlabcolorirneter-D25 model, ASTM; E1331 and E1 164. The frosted appearance 
can be determined by an opacity measurement. The higher the opacity number, the better the hiding power of the 
thermoplastic sampte. To have a frosted appearance, the minimum opacity number should be about 1 0%. The loading 
of suspension beads and mismatch of refractive index between beads and matrix material would affect the hiding power 
of the sample which is measured by the opacity number. The related standard methods (or thesa measurements are 
ASTM D2805-80, ASTM 0599-65, TAPPI T-425, TAPPI T-519. 

[0048) The composition of the current invention can be used tor profile and sheet extrusion to generate final parts 
for lighting, signs, point of purchase and cosmetic displays, containers, .home and office decorations, fumiiure appli- 
cations, 6hower doors, and office door* where privacy is preserved without sacrificing loss of light. 
[0O49J ' The present invention will now be exemplified in more detail by referencing the following, non-limiting exam- 
ples. 



Example 1 

[0050J The following Is a typical recipe tor suspension porymerization which gives a weight mean particle size of *3S 
20 microns. 

[0051] The following ingredients are mixed and reacted to form particles of P(MMA/styrene/ALMA) 



30 



40 



Deionlzed Water 


1772 gram 


p(dimethyldiaiiylammonium chloride) 


32 gram 


NaOH 


0.048 gram 


NaCl 


72 gram 


Gelatin 


2.16 gram 


Dl water for gelatin (90°C) 


144 gram 


MMA 


465 6 gram 


styrenc 


134.5 gram 


ALMA 


4.88 gram 


butyl perDctoate 


6 gram 



[00S2J The water phase in this reoipe is composed of deionized water. p(dimethyldiallylammonium chloride), sodium 
hydroxide, sodium chloride, and gelatin. The organic phase is composed of styrene, MMA, aliyimethacryiate, and butyl 
peroctoate. The p(dimethytdiallyammonium chloride) and Dl water are charged into a reactor and NaOH and NaCl are 
added Into the mix for pH modification. The target pH is in the range of 9.5^1 0.5. The oxygen is removed by sweeping 
nitrogen gas through the reactor and heatingthe solution to 90'C. 2. leg gelatin is dissolved into I44g Dl water at 75'C 
in a separate container with constant agitation until complete dissolution occurs. The gelatin solution Is then added 
intothe reactor. The reactortemperature is adjusted to BCTC and the monomer mix which Is composed of MMA, styrene, 
BJMmethacryiate, andt-butyl peroctoate is charged Into the reactor vrth an agitation of 360 RPM.The rcactoris heeled 
gradually to 90*C over 2 hrs and polymer conversion is completed in about 4 hrs. Polymer in the form of fine particles 
is obtained. The crosslinked beads are then cantrifuged, washed, and oven dried for extrusion compounding. The 
resulting panicles are nighty crosslinked which contain 0.81 % ALMA in their composition end havo a weight mean size 
of 35 microns. 



Cxamplg 2A 

50 Preparation of Crosslinxed Micrcbeads by a Suspension Process 

[0053J TriecrossJinkedbeadswimawe^ 
procedure and recipe; 



55 


DIH20 


245 parts 




Pdyvinylalcohol 


5 parts 
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Monomer mix; 








74 parts 


methyl methacrytate 




24.6 parts 






0.8 parts 


altyl methacrylate 




0.6 parts 


lauroyl peroxide 



AIJ portions are measured by weight. 

i0 [0054] 245 parts deionized water and 5 pans polyvinyl alcohol are fed into a stirred, temperature controlled, and 
pressure-resistant reactor at 40*C. The reactor Is deoxygcnatcd by a nitrogen flow and stirrad until the complete dis- 
solution of polyvinyl alcohol occurs. A monomer mix described above is then fed into the reactor. Trio reactor is sealed 
under nitrogen, and pressurized at 10OKPa. The mixture is heated gradually up to 110°C over 120 minutes and kept 
al this temperature for 15 minutes and than cooled for discharge. After centrtfuging. washing, and drying, the mh 

, 5 crobaads with a weight moan of 20-30 micrometers can be separated from waste water for sample preparation. 

Example 2B 

Preparation of S&adfl by Polymeric Suspending Agent 

20 

[0055] The cr ossllnked beads can also bo prepared by using a mixture of polymeric suspending agent and pulp water 
generated from previous suspension process to minimize the discharge of waste watarto the environment This process 
improves the separation efficiency of microbeads from suspending solution and increases yields of raw materials. 



Step 1: Preparation of suspending agent 




Raw materials: 


NaOH(9».0%) 


46 parts 


01H2O 


702 parts 


AMPS 


250 parts 


(2-acry)amido-2'^smyipropan8u phonic acid) 


0.075 parts 


Potassium persulphate 




Sodium methablsutphite 


0.QZ5 parts 



[00561 48 parts by weight of NaOH and 702 parts by weight of deionized water are charged Into a reactor and stirred 
till NaOH dissolves. 2sb parts by weight of AMPS are slowly added into the reactor, and then the PH value is adjusted 
lo between 7 and 8 by addition of either NaOH or AMPS. Remove oxygen from the reactor by nitrogen now and heat 
ihe reacTor to 50°C. Add to tha reactor 0.075 parts potassium persulphate and 0.025 parts sodium methablsufchite. 
After 60 minutes, the reaction should be completed and 4000 parts by weight of deionized water Is added into the 
reactor, diluting the solution 10 about 5.0% solids level, The prepared solution i& ready to be used ae the suspending 
agent for making microbeads in the following step. 



Step 2 Preparation of Croesllnkcd Beads 


Raw materials: 


Deionized water 


193 parts 


AMPS solution from step 1 


7 parts 


Monomer mix(fcted blow) 


100 parts 



MMA 


74 parts 


Styreno 


24.95 parts 


Altyl Methacryfate 


0.B parts 


Wmtyl peroxy-2-ethylhexanoate 


025 parts 



[0057J 1 93 parts by weight of deionized water and 7 parts by weight of solution from step 1 are charged into a reactor 
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Witt agitation. Oxygen Is removed from reactor by nitrogen flow. The r**tor is seated and pramrtfld at 100kPa and 
heated to 110-C in 150 minutes. The agitation speed should be maintained a! 1O0RPM or higher. After the manor* is 
completed maintain the reactor temparature a! 11 0*C for another 15 minutes to reduce the residual monomer tMfon 

and oven drying and can be used for frosted acrylic sample preparation. The waste water which contains a total dry 
residues of 0.62% (at 160*C), composed of 0.2% by weight suspending agent and fractions of bead* smaller than a 
few mlcomcters, can be used as the suspending agent for subsequent process. 

Experiment 2C 

Preparation of Crosslinked Beads Using Waste Water 

[00581 The microbeads can also be prepared using waste water from Example 2B. The following raw materials are 
charged Into a reaclof to make the highly crossQnked particle for frooted acrylic sample preparation. 



40 



Waste water(fram example 2B) 
Monomer mix 


300 parts 
100 parts 




Composed of: 


74 parte MM 

24.6 parts styrene 

0.8 parts ALMA 

Q,5 parts tauror/1 peroxide* 



r00S91 Introduce 300 parts of waste water from example 2B into a pressurized reactor and heat to bo*c and then 
Introduce 100 parts of monomermix into ttieeamo reactor wU h continuous ^ir^Remwe the oxygen f ram the reartor 
by a nitrogen flux. Pressure 

cLplete conversion, the reactor temperature is maintained at litre tor another 15 mmutes and therr co^dDwn 

lor di S charge.Microbradswith»w a ight^^ 

washing, and oven drying. 

Example 3 

rooeoi In orderto ovaluate the compositional effect of different particles In thermoplastic matrixes, samples are made 

by me following memod for evaluation of their appearance, transmieslon light efficiency and surface 

pom, The EX lll-A sample b made by compounding 25% suspenaion beads which have * JJ» 

memy^ethiKrylate.ZAms^^ 

BA/sUne/AiilA) on a Killlon® extruder equipped with a medium *ork two stage screw and a vacuum vent tor mon- 

a composition of 79.3% methyl methocrylato, 19.8% butyl aoylate. and 0.9% ally! mcmacrytot*. Into 75% of en unpad 
modified PMMA matrix (MMA/BAfStyrenefAUVlA) on a KiUiorr® extruder. ,...,«, „».,-,,„ r to „ 

[00631 TheEXili^aample(ComptuttlveEx^^ 

BubblL sold by 3M, into B0% of an impact modified PMMA matrix (MMA/BA/Styrene/ALMA) through a KM ex- 

100641 The samples used in this example are made through a two step extrusion process: compounding the different 
□articles with impact modified PMMA matrix to make a resin; and passing Ihe resin through a sheet ^ x ^ u * r ms ^ 
3.2 mm (0.125-) thickness sheet lor testing. The temperature profiles used for resin compounding and sheet extrusron 
are listed in the following table: 

Resin compounding, conditions 
[0065) 
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Feed Zone 


Compression Zone 


Metering Zone 


Die Zone 


RPM 


235'C 


245»C 


250°C 


275*C 


65 
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Feed Zone 


Compression Zone 


Metering Zone 


Dlo Zone 


RPM 


Roll temp. 


225*C 


240°C 


240*C 


260*C 


85 


82°C 



10 



£0 



SO 



50 



59 
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Conclusions' The suspension beads Of EX lll-A give the best result for frosted resin. It is easier to disperse the sus- 

the glass beads m EX II 1-C has a similar particle size range, it can not generate the desired surface £x ure > and light 
transmission efficiency. The glass beads are not cernpelible with the thermoplastic mater*! at Mgher ( loadings and 
<teterioratethepolymertphysicalpropertie8.The parts made in BCIII-C are very brrale andean not passthevisualtest 

Example^ 

[0067] The following table shows the results of using the crosslinks spherical pallidas made by the method of 
Exarrole 2C torotherthermopte^ 

transmission are measured for different samples. The samples are made by extrusion compounding the c^ked 
needs with PVC (Comparative: Example). PC (Comparative Example). Polystyrene (Comparative Example), a ™"™v 
polymer material In a 20% suspension panicles and 80% polymer matrix material on a KOIIor® extruder wttn a two 
stage medium work screw and a vacuum vent. The resins are then passed through a sheet extruder. 
[0088] The fallowing conditions are used for 6ample preparation: 

Temperature Profile for Extrusion Compounding 

[0069] 





Feed Zone 


Compression Zone 


Metering Zone 


Die Zone 


RPM 


PVC-1 


1B2*C 


182°C 


182°C 


1S2 C C 


100 


PC-1 


249?C 


271 °c 


265°C 


265*C 


BO 


PSY-1 


235*0 


238*0 


243*C 


243°C 


100 


PMMA-1 


Z20 9 C 


230*C 


235 fl C 


240°C 


100 



[0070J The sheet extrusion conditions for each ot the samples are feted in the loliowirvg table: 
Temperature Profile for Sheet Extrusion 



[00711 





Feed Zone 


Compression Zone 


Metering Zone 


Die Zone 


RPM 


Roll Temp 


PVC-1 


is^C 


1S2*C 


182°C 


i03*C 


100 


B2"C 


PC-1 


240»C 


2B0°C 


260°C 


265°C 


80 


B2°C 


PSY-1 


226°C 


232°C 


232*C 


232°C 


100 


62*C 


PMMA-1 


210°C 


225*C 


230»C 


240*G 


100 


82 a C 



so 



[0072] ThesampleforlheSurfaca RougtmessMeasurernentismade by sheet e ^ sto " fl,a3 -2 mm(0 ^' h '^ . 
ness and the sample for total white light transmlssionfTWLT) is made by an injection molding machme with the same 
temperature prolile as sheet extrusion conditions. The mold temperature aa listed in the following: PVC-1 at 65.5 c ; 
PC-1 al71'C; PSY-1 at 60'C; PMMA-1 at8S«C. 

[0073] Conclusion: The copolymer beads made by a suspension process can be used lor different iwn^w 
matrices at a 5-35% loading. AH of the samples gtva a frosted, non gloss appearance, and textured surface jand I toe 
samples maintain gc^ physical P mperties.ThePMMA.tsarrp te 

is noted that the loading of the heads in polycarbonate should be lower In order to have better tight transmission All 
the samples have good hiding, power, high light output and low object recognition^ 

[0074] The compositions all use 20% beads of 74.3% MMA/24.3% Styrene/0.9% ALMA and have a weght mean 
particle size of 67 micrometers. The beads were made as In Example 2C. 
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Frosted Matr'r Polymer Data 
[00751 



3 


Matrix polymer 


Total white light transmission CTWLT) 2 


Surface roughness 3 


Sample Appearance 




PVC 


77.1% 


13.5 um 


textured 
Translucent 


W 


PC 


28.9% 


4.3 um 


textured 
Translucent 




P-Styrene 


56.4% 


15.5 um 


textured 
Translucent 


IS 


PMMA 1 


BS.7% 


12.8 um 




textured 
Translucent 



23 
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20 Example 5 

rti^ rA nw-iwt oonconifflttens at Stvrane/MMA /ALMA Gressllnkert Beads in PMMA Matrix 
rnflTfil "This exoerlment is designed to evaluate the concentration effect of the particles on the final product's »» rf ^ 
™— £r^ 

light transmission is a measurement ol lighting efficiency. The MeR ^J^J^^J^ ^ Dact properties, 
art oives the process llo^lnft^onfwthe sample. The Dynatup Impacts 
K nor^ 

«e prepared by the sheet extrusion and injection moldina methods us-ng a rubber modtfied f»*™" ' ZntoZ. 
B^e)TSe suspension beads are v^MtotBi^nM^^^*™**" 
Iruder equipped with a wo stage medium work screw at the following conditions: 



Feed Zone 


Compression Zone 


Metering Zone 


Die Zone 


RPM 


225*C 


235"C 


235*C 


240»C 


100 



10078] The resin is then Nectlon molded tato par*, as known to those skilled in <Je ar, ^ ~£ JJJ 
Emission, mechanical properties, and mMto^^M^W**^* 1 ^**** 



40 analysis. 



4i 



so 
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Sample 
ID 


Bead 
cone. 


Dynatup 2 


Appearance 


Surface 
roughness 


FST-0 


0 


11.3J(8.3 
Mb)* 


Clear/ 
gloss 


Q.126um 




5 


9.83 J 
<7.2SfMb) 


Gloss/ 
Transparent 


4.36um 



Total 

Reflect 

light 



7.41% 



7.46% 



Total white 
light 

transmission 
(TWLT) 



90.4% 



88.9% 



WIFR 3 



1.76 



1.23 



1. The comport*" dtot^br^H^fl^^"--- 

4- Tl» agn«w«i of »n*b FCT-0 -» ^*^* 1 ^n^ metfrt) of 1 ^6 J (1 .0 Mb), ond «W>er 
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(continued) 



is 



20 



25 



30 



SS 





Sample 
in 


Bead 
cone. 
% 1 


Dynatup* 


Appearance 


Surface 
roughness 


Total 

Reflect 

ItOM 


Total white 
light 

transmission 


MFR 3 


5 


















FST-10 


10 


9.54 J 
(7.04tMb) 


matt/ 

transparent 


5.85um 


7.44% 


85.8% 


1.10 


19 


FST-16 


15 


8.27 J 


Textured/ 


8.38um 


N/A 


84.5% 


0.95 






(Q,ion-it>) 


good 












FST-20 


20 


7.73 J 
(5.70 ft- 
Ib) 


Textured/ 
Excellent 


8.92um 


816% 


83.4% 


o.ai 



». Mm b ^ obhravtoWn molt flow rale (ASTN D-12M. a! 2Q0 (togreo C, g.wtfl.ewdiBon T and pc«.dw. A 
ImoacJ strength comparing to the standard PMMA material (7.73 J VS 1 .36 J (5.7 ft/lb vs 1 .0 Mb)). 

Example6 

[0080] Thbexamplefclatestolheef.^ 

irwfii The eamolcs used for this experiment are the same as those used .n EXAMPLE 5. Trio samples ie«w « 
SS 5 2* .s ik tods. 40% acrylic motffie, 44% PMMA. FST-20 wNch ,s 2.* bead*. »«* acrytc 

hickness Injection molded samples typically have a very smootf, surface. ^^^^^ same 88mple 
3 2 mm (0.125-) thickness sheet sample, has a opacity of 21 .5% because of the texturad surface. The same samp 
material whan injection molded has an opacity of 17.68% due to the smooth surface. 



Sample 


Opacity 

(ASTM 02805-80. CA8TM 0589*5} 


Transmission 

Haze^ASTMD1003^ 


FST-05 


11.14% 


96,52% 


FST-10 


12.14% 


98.0^% 


FST-15 


14.20% 


9819% 


FST-20 


17.68% 


98.31% 



roOK) Fora sample (at 3.2 mm (0.125") tneKnws, to havea frosted appearand H « 6 " u ^ ,,, " $ '^! ) teaS, 
[00841 Other sanies ere measured; 



no 





Opacity 


20% beads in Polycarbonate 
20% beads In PVC 
20% boads In Potystyrena 


B6.3% 

18.41% 

35.41% 
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Example 7 

Tha Effect of m» Amount of CroasBnklno of the Pamelas on me Final Product 

[00851 The suspension pan*** used for this experiment are made by the method described In Example ZB by 
Lying *e™ou5l - *¥ rnelhaaytote In each .amp*. The particle have a w^ght mean »^ ^TZ^ 

elers The particles with ditterent crossBnking levels are compounded Into a rubber nwttBd PMMA. matnx through a 
Killion®eMruderandt^ 

\SZo loading of (topside, in each sample la 20% beads and 80% rubber modified PMMA maU£ After 
Sie^esihrough^extnider.thepartictowimthelower level of «»Bnkk,8^«n«i^iteWJ 
and are deformed, whk* is a contributing factor for a non homogeneous surface texture of toe sheet samples. .The 
teller samples are generated from the particles having at toast 0.6% crosslinking agent The sample Vl-D gfves ne 

the final uppearance of the product. 



Sample 


Amount of Crosslinking agent used 


Surface Appearance 


Particle Appearance 


Vl-A 


0.2% 


gloss 


deformed 


Vl-B 


0.4% 


gloss 


deformed 


Vl-C 


0.6% 


acceptable 


partially deformed 


Vl-D 


0.8% 


textured 


maintained integrity 
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25 Claim5 

1. Anetfrudedpolyrrurtcartidec^^ 

ical highV craattttd, have a mean particle sixe of 25-55 micrometers and have a particle size MnbiMn be- 

2^^- to an aoyllc pot^nw awl fl» polyraaic paiWaa eamprise 

10-60% styrene, 90-50% methyl methacrytate and 0,1 -Z5% crosslinking agem 

e 2. An article according to daim 1 comprising 

a) 20-90% potymethyl methacryiale or alkyt methylacrylate/alkyl achate copolymer based matra; 

b) 0-50% modifiers; and 

c) 6-60% highly crosslinked spherical beads. 

* 3 . Anartocacxai^ 

4. An article according to claim 1 comprising 

< s a) 70-85% polymethyi methaciyiale based matrix; and 

b) 15^30% highly crossBnked spherical beads comprising 
15-35% styrene; 

65-85% methyl methacrylate; and 
0.5-1.5% aiiyl methacryJato. 

W 5 . An article according to any one of claims 1 to 3 wherein tha crosslinking agenl ie ethylene glycol dimethacrylate. 

divinyibenzene or altyl melhacrylata. 

8. An article according to claim 5 wherein the croesanking agent is dhmryibenzene. 
7. An extrudabie resin comprising 

. a) 20-90% polymethyi mcthacryiato based matrix; 
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b) 5-50% modifiers; and 

c) 5-30% highly cro33tinked spherical beads comprising 
10,50% sty rene; 

90-50% methyl methnerylate; and 
0,1-2-5% crossfinking agent, 

wherein the beads have a mean parttete alze of 25-55 meters, and a particle size option of between 
SJ5 mx^eters, wherein therels a mismatch of refractive indices of the highly crossed sphencal bends 
end polymethyl methacrylate based matrix by greater than 0.2. 

8. A resin according to claim 7 wherein the crossllnking agent b ethylene glycol dimethacry lei*, divinylbenzene or 
&lryt methacrylate. 

9. A reafri according to claim 0 wherein the crosslinking agent allyl methacrylate. 

10. A resin according to any one of claims 7 to 9 wherein the beads contain a colorant. 

11. An extrudable resin comprising 

20 a) 70-B5% polymethyl methacrylate based matrix; and 

b) 15-30% highly erosslinlced spherical beads comprising 
16-35% styrene; 

65-35% methyl mathacrylato; and 
0.5-1 .5% allyl methacrylate, 

25 ■ wherein the beads have a mean particle size of 25-55 micrometers, and a particle size Ration of between 
and polymethyl methacrylale based matrix by greater than 0.2. 

so «. use of a polymeric matrix and polymeric parties as defined in any one of the preceding claims tor preparing an 
article havino a frosted and surface textured finish. 
13. UaaeT a resin as defined in anyona of claims?*. 11 for preparing an «tk* having a tasted and surface textured 

finish. 

* 14.Us e ofanan*iea^ 

parts for lighting, signs, point of purchase or cosmatte displays, contain**, heme or office decorations, furniture 

applications, shower doors or office doors. 

40 

PatentunsprOche 

1 ExtrudierterpolymererGegenrtand, U mfasserK>ainePorymerrr«^ 
Chungdndh- der Poiymerpartikai und dar Polyroamatrlx von mehr ate 

tei^amutth verwemtete Polymer ein Acryipolynw u und die Poiymerpartkel 10 bb 50 % Styrol. 90 b,s 50 A 
Methylrnelhacrylat und 0,1 bis 2,5 % Vemebar (Varnatiungsmittel) umfaasen. 

*° 

2. Gcgensiand naeh Ansprucrt l.aufweteend 

a) 20 bis 90 % PolymMhyimatnaoylat. oder All^ethylac^laUAlkylacrylat^opolyrnaf-basierte Matrix; 

55 t))obls50%Woflitizlerung8mittel;und 

c) 5 bis 60 % stark vernetrte kugeKormige Kdmctwn. 
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3. Gegansiand nach Anspruch 2, aufweisend 5 bis 30 % stark vemetzte kugetformige Komchen. 

4. Gegenstand nach Anspruch 1 , aufweisend 

5 a) 70 bis 85 % polymethylmethacrylaTbasiertG Matrix; und 

b) 15 bis 30 % stark vemetzte kugciformlge Komchen aufweisend; 
1 5 bis 35 % Styrol; 
85 bis B5 % Methytmathacrylat; und 
to 0,5 bis 1 ,5 % Afiylmethacrylat 

5. Gegenstand nach elnem der ArKpniche 1 bis 3. wobei das Vemettungsrottel Ethytenglykoldimethacytet. Divinyl- 
bcnzoi Oder Ailyimsthacryiat 1st. 

15 6. Gegertetafld Anspii^ 

7. Extrudierbarcs Hat?, eirfweisand 

a) 20 bis 90 % polymethylmethacfytatba$lsrte Matrix; 

b) 5 bis 50 % Modiftzlerungsmittel; und 



c) 5 bis 30 % stark vemetzte kugetformige Kdmchan, aufweisend: 
10 bis 50% Styrol; 
25 90 bic 50 % Methylmethaerylat; und 

0,1 bis 2,5 % Vemetzungsmittei 

wobei dte Komchen elnen mrttleren Durchmesser von 25 bis 55 Mikr ometem und eina TaachengroSevertetlung 
zwlschen 10 und 110 Mikrometem aufweisan, WOtttl Oln Versatt (Vcrschiebung) der Brcchungandizos dar stark 
vemetoten kiigeHormiQen K6rnchen und der porymethyhiethacrylatbasiarten Matrix von mehr als 02 Dasteht 

8. HarznachArvspruch/.wobddasVem 
jalist. 

as 9, Hara nach Anspruch 8. wohei das Vometzungsmittel Allytmethacryl 1st. 

10. Harz nach elnem dsr AfisprCtehe 7 bis 9, wobei die Kfimchon alnen Setoff bzw. *in Farbemlttel enthalten. 

11. Extrudierbares Harz, aufweisend 

40 

a) 70 bis 85 % potymetrrylmethacrylatbafrterta Matrix; und 

b) 15 bis 30 % stark vemetzte kugefformiga Komchen, aulwosend: 

15 bis 35% Styrol; 
as 65 bis as % Mcthytmethacrytat; und 

0,5 bis 1 ,0 % AUytmethacrylat, 

wobei dia Komchen elnen mittleren Teitehendurchmesser von 25 bis 55 Mikrometem und elneTeiichengroiJGver- 
teUungvon lObis iloMikrar^tarnaufweiaan.wobaiein Versatz (Verschiebung) der Bretfungs nd*es ider stark 
* vernetzten Kugalformigen Kumchan und derpolymethylmethacrylat-basi9rt«n Matrix von mehr als 0,2 basteht 

12. VerwendungelnerPolym^ 

2ur Hcrctcllung etnas Gogonatandas mil mattierter und stnikturlertar ObeiflachBnbeschaffenhett. 

55 13. Varwendung etnes Harzea, wie in emem der Anspruche 7 bis 11 dafiniert, zur Herstcllung elnes Gegenstandes 

mil manierter und slrukturieiter Oberfiachenbeschaffenheit. 

14. Verwendung cines Gegenstandes. wis in einem der AnsprOche 1 bis 6 deflnton, oder eines Harzea. wie in cinem 
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dor Ansprftehe 7 bis 11 definiert, 2ur Herstellung von (Bau-)Teilan fOr Beleuchtung, Zeiehan bzw. Symbol©, Vbr- 
kaufsstcllen oder Kosmelilwerkaufsst&ncler, Behfittnisse, Helm- Oder BQrodekorationen, Mobelamvendungen, 
Duschturen und BOrotflren, 



Revindications 

1. Article polymers extrude comprenant une matrice poiymere et des partfcutes polymery qui sont sensibiemem 
spheriques. hautement reticules, ont une dimension moysnne de particule <te 25-55 micrometres 9t onl une 

to distribution do la dimension dee particules entre 10-110 micrometres, Particle ayant un flnf givre et a surface tex- 
turee, rasped givre etant obtenu grfice au dafaut de correspondence des indices de ^fraction df* particutea 
polym^res et de Ih mfltrtce poiymere de ptus de 0,02. et la poiymere utilise comme matrice polymers elant un 
poiymere acrytlque et lea particules polymeres comprenant 10*50% de styrene, 90-50% da mSthacrylate de me- 
thyle et 0,1-2,5% tfagent rettculant. 

15 

2. Article seton la revendication 1 . comprenant : 

(a) 20-00% d'une matrice a base de poty(methacrylate de methyle) ou d'un copolymer methacrylate d'alkyle/ 
acrylate d'alkyle ; 
2Q (b) 0*50% d'agents modif iants ; et 

(c) 5-60% de pertes spheriques hautement reticulees. 

3. Article selon la revendication 2, comprenant 5-30% de perles spheriques hautement r&rculees. 
25 4. Article selon la revendication 1 . compranant : 

(a) 70-85% d'une matrice a base de poly(methacrylate dc methyte) ; et 

(b) 15-30% de partes spheriques hautement reticulees comprenant : 

30 - 15-35% de styrene ; 

- 85-85% demethaorylate do rnelhyla;el 

- 0,5-1 ,5% de methacrylate tfalryte. 

5. Article selon rune quelconque des revondicatlons 1 a 3, dans laquel rageni reticulam est la dlmethacrytate d'ethy- 
os lene glycol, ic drvinytbenzana ou le methacrytale cPeByle. 

6. Article selon la revendication 5, dans lequel ragent rettculant est le drvlnylbenzene. 

7. Reslne extrudable comprenant : 

40 

(a) 20-90% dune matrice a base de pary<mfithacrylaie de methyle) ; 

(b) 5-50% cf agents modtfiants ; et 

(e) 5-30% de pertes spherjques hautement reticulees comprenant : 

45 - 1 0-50% de styrene; 

- 90-50% demethacrylatede methyle ;et 
* 0.1-2,5% tfagent roticulant, 

les peries ayent une dimension moyannede partfcute de 25-55 micrometres, et une distribution de ta dimension 
50 des particules entre 10-110 micrometres, dans laquelle ily a un defaut de correspondance des indices de refraction 
des perles spheriques hautement reticulees et de la matrice * base de p D ly(methacrylate de methyle) de plus de 
0,2. 

8. Rfcsine selon la revendication 7, dans taquelle ragent reUculant est le dlmethacrylate d'ethylene glycol, le divinyl- 
55 benzene ou le methacrytale rfallyle. 

9. ReBine selon ta revendication 0, dans laquelle ragent reticulant est le methacrylate (falryie. 
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10. Resine seton I'uno quotconque dos revendicatrons 78 9, dans tequellc Ics peries contiennent un colorant. 

11 . Reslrte extrudable oomprenant : 

s (a) 70-85% cfune matrice a base de poly(rnethacryiate de methyie) ; el 

(b) 15-30% de pedes sph&iques hautement reticules compr enant 

- 15-35% deetyrene; 

- 65-65% de methaerylate de methyie ; et 

10 , o ( 5-1 ,5% da mfithacrylate tfallyle, les pertee ayant une dimcnclon moyonna do partlcula de 25-65 micro- 

metres, et una distribution de la (fimenslon des partlcules entre 10-110 micrometres, dans taquelle II y a 
un delaut de correspondance des Indices de refraction des peries spherlques hautement reticulees et de 
la matrice a base de poly(methacrylata da moihylo) da plus da 0,2. 

" 1 2. Utilisation tfune matrice polymem et do particule* potymeres teltes quo dolinies a Tune queteonque dea revendi- 
cations precedences pour preparer un article ayant un fini givrc et a surface texturee. 

13. Utilisation tfune resine telle que d&inle a Tune quelconque des revenoTcations 7 a 11 pour preparer ur» article 
ayant un fini grvre et a surface texturee. 

20 

14. Utilisation tf un article tef que defini a fune quelconque des revendicatloriB 1 a 6 ou d'uno resine telle que deMnie 
a rune quebonque des revendications 7 611 pour preparer des pieces pour Peclalrogo, dos enscigncs, des dis- 
posidfs d'aff Ichage de points d'achat ou do produita cosmatiques, des conteneurs, des decorations d'interieur ou 
de bureaux, des applications pour meubles, des portes de douches ou des pones pour bureaux. 

25 



35 



40 



50 
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